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(54) OBJET SURFACE SHAPE-MEASURING METHOD UTILIZING LARGE EQUIVALENT 
WAVELENGTH AND SYSTEM THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately measure a 
surface shape with a wide visual field and a high 
scanning accuracy by applying light to a desensitizing 
interferometer with a longer related equivalent 
wavelength than a light-source-related wavelength by a 
light source with a related wavelength to obtain 
desensitizing interference fringes. 
SOLUTION: Light from a light source 30 is focused at 
application rays 140 by a lens 35. The rays 140 are first 
divided into rays 150 and 160 by a diffraction grating 
120. Then, the rays 150 and 160 are diffracted by a 
diffraction grating 130 and hit against an object 20. An 
equivalent coherence length is related to the degree of 
unevenness on the surface of the object 20 and the 
application area of the light source 30 and the equivalent 
coherence length can be adjusted when the degree of 
space coherence of the light source can be changed. 
The reflection light from the object 20 enters an 
interference grating 130 again and is diffracted so tint it 

is synthesized again on the surface of the diffracting grating 120. The resynthesized rays are 
diffracted by common emission rays 180 and are focused on a camera 50, thus detecting an 
interference pattern for indicating the difference in the optical path length of the rays 150 and 
160. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A method of measuring shape of an object surface from a suitable work distance to an 
object using a desensitization interference fringe generated from a desensitization 
interferometer means, comprising: 

A process of illuminating a desensitization interferometer means to have related equivalent 
wavelength longer than the light source related wavelength with a light source which has related 
wavelength in order to obtain said desensitization interference fringe. 

Any cross protection is restricted within the limits of equivalent coherence length, In order to 
supply a variate including a signal about equivalent wavelength modulated by signal envelope 
which consists of a signal corresponding to said interference fringe, and an envelope 
corresponding to the striped contrast. A process of generating measurement data 
corresponding to at least one pixel in a view of a desensitization interferometer means by 
displacing an object to a desensitization interferometer means. 

A process of analyzing measurement data in order to determine surface height corresponding to 
each pixel. 

[Claim 2]An object surface shape measurement method using the large equivalent wavelength 
according to claim 1, wherein said measurement data generation process includes a process of 
changing an interference figure to a pixel array. 

[Claim 3]An object surface shape measurement method using the large equivalent wavelength 
according to claim 2, wherein said converting process includes a process of changing an 
interference figure by a camera means which consists of an optical detection array. 
[Claim 4]An object surface shape measurement method using the large equivalent wavelength 
according to claim 2, wherein said analysis process includes a process of analyzing 
measurement data by a computer means. 

[Claim 5]An object surface shape measurement method using the large equivalent wavelength 
according to claim 1, wherein said analysis process includes a process of analyzing 
measurement data by a computer means. 

[Claim 6]An object surface shape measurement method using the large equivalent wavelength 
according to claim 1, wherein said measurement data generation process includes a process of 
providing a known scanning position where said striped contrast becomes the minimum in order 
to provide a measure of relative height of a surface point with an object surface. 
[Claim 7]Said measurement data generation process includes further a process of changing an 
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interference figure into a spatial frequency domain, An object surface shape measurement 
method using the large equivalent wavelength according to claim 1, wherein said analysis 
process includes a process of investigating a phase of a conversion interference figure as a 
function of spatial frequency in order to obtain surface height to each point on an object 
surface. 

[Claim 8]An object surface shape measurement method using the large equivalent wavelength 
according to claim 7, wherein said converting process includes a process of changing an 
interference figure into a spatial frequency band by a Fourier analysis. 

[Claim 9]An object surface shape measurement method using the large equivalent wavelength 
according to claim 1, wherein said lighting process includes a process of illuminating a 
desensitization interferometer means by a laser light source. 

[Claim 10]An object surface shape measurement method using the large equivalent wavelength 

according to claim 1 , wherein said lighting process includes a process of illuminating a 

desensitization interferometer means in a source of a candescent light bulb. 

[Claim 1 1]An object surface shape measurement method using the large equivalent wavelength 

according to claim 1, wherein said lighting process includes a process of illuminating a 

desensitization interferometer means with a light emitting diode light source. 

[Claim 12]An object surface shape measurement method using the large equivalent wavelength 

according to claim 1, wherein said lighting process includes a process of providing a high 

contrast desensitization interference fringe of depth within the limits which consists of 

equivalent coherence length. 

[Claim 13]An object surface shape measurement method using the large equivalent wavelength 
according to claim 1, wherein said measurement data generation process includes a process of 
carrying out an objective depth scan in order to provide a variate of intensity as a function of a 
scanning position. 

[Claim 14]An object surface shape measurement method using the large equivalent wavelength 
according to claim 13, wherein said depth scanning process includes a process which displaces 
an object in the vertical direction substantially [ surface / which was illuminated by 
desensitization interference means ]. 

[Claim 15]An object surface shape measurement method using the large equivalent wavelength 
according to claim 14, wherein said measurement data creating means includes further a 
process of performing two or more intensity measurement between depth scans which an 
object followed in order to provide an interferogram array to one of each of the pixel. 
[Claim 16]An object surface shape measurement method using the large equivalent wavelength 
according to claim 13, wherein said measurement data creating means includes further a 
process of performing two or more intensity measurement between depth scans which an 
object followed in order to provide an interferogram array to one of each of the pixel. 
[Claim 17]The ranges of said equivalent coherence length are following formula |p+z-z 0 |<=L/2... 
(1) 

An object surface shape measurement method using the large equivalent wavelength according 
to claim 1 being a depth range determined by (equivalent coherence length and p change with 
partial surface height on an object surface, z changes by a constant, p changes in a position on 
an object surface, and a scanning position and z 0 include an object surface-shaped measure 
among a formula, as for L). 

[Claim 18]An object surface shape measurement method using the large equivalent wavelength 
according to claim 1, wherein said measurement data generation process includes a process of 
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only a known quantity displacing an object to a desensitization interferometer means, and 
recording optical detection data by an electronic storage means almost simultaneous. 
[Claim 19] An object surface shape measurement method using the large equivalent wavelength 
according to claim 18, wherein said measurement data generation process includes further a 
process of changing an interference figure to a pixel array in order to supply said optical 
detection data. 

[Claim 20]An object surface shape measurement method using the large equivalent wavelength 
according to claim 18, wherein said suitable work distance is larger than the depth of structure 
on an object surface. 

[Claim 21] An object surface shape measurement method using the large equivalent wavelength 

according to claim 1, wherein said signal consists of an abbreviated vibration signal. 

[Claim 22]An object surface shape measurement method using the large equivalent wavelength 

according to claim 18, wherein said signal consists of an abbreviated vibration signal. 

[Claim 23]An optical shape measuring system characterized by comprising the following for 

measuring the shape of objective surface type. 

An illumination method which has related wavelength. 

Are installed to an illumination method so that it may be illuminated by said illumination method, 
and it illuminates by an incidence angle which is moreover different in an object with two or 
more beams of light at the almost same place, A desensitization interferometer means which 
can produce an interference fringe of high contrast within a range which has related equivalent 
wavelength longer than related wavelength of an illumination method, is installed in a suitable 
work distance to an object, and is defined by equivalent coherence length. 
A detection means to be installed to said interferometer means and to detect an interference 
figure. 

Carry an object and any cross protection is restricted within the limits of equivalent coherence 
length, Since a variate of intensity including a signal about equivalent wavelength modulated by 
signal envelope which consists of a signal corresponding to an interference fringe and an 
envelope corresponding to the striped contrast is provided as a function of a scanning position. 
A scanning means installed in order to displace the object about the surface illuminated by an 
interferometer means in order to perform a depth scan, A detection means to detect an 
intensity variate in order to provide one interferogram about at least one pixel in a view of a 
form measuring apparatus, and a means to provide surface height of an object surface 
corresponding to at least one pixel. 

[Claim 24]An object surface shape measuring system characterized by comprising the following 
using the large equivalent wavelength according to claim 23. 

A means by which said detection means provides one interferogram about each pixel within a 
view. 

A means by which said surface height providing means provides surface height about each pixel. 

[Claim 25]An object surface shape measuring system using the large equivalent wavelength 
according to claim 23 performing two or more intensity measurement while said scanning means 
is provided with a means to perform a depth scan which an object followed and said detection 
means performs an objective continuation depth scan. 

[Claim 26]An object surface shape measuring system using the large equivalent wavelength 
according to claim 25 providing surface height from an interferogram with which said detection 
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means was further provided with a memory measure for memorizing a detected interferogram, 
and said surface height providing means was remembered to be. 

[Claim 27]The ranges of said equivalent coherence length are following formula |p+z-z 0 |<=L/2.... 
(1) 

the inside of a formula, and L — equivalent coherence length and p — partial surface height on 
an object surface, z — a scanning position and z 0 — a constant — p changes with the positions 
on an object surface by this — an object surface-shaped measure — containing — an object 
surface shape measuring system using the large equivalent wavelength according to claim 23 by 
which being decided. 

[Claim 28]An object surface shape measuring system using the large equivalent wavelength 
according to claim 23, wherein said illumination method consists of a spatial un-coherent 
illumination light source. 

[Claim 29]An object surface shape measuring system using the large equivalent wavelength 

according to claim 23, wherein said illumination method consists of laser. 

[Claim 30]An object surface shape measuring system using the large equivalent wavelength 

according to claim 23, wherein said illumination method consists of filament lamps. 

[Claim 31]An object surface shape measuring system using the large equivalent wavelength 

according to claim 23, wherein said illumination method consists of light emitting diode means. 

[Claim 32]An object surface shape measuring system using the large equivalent wavelength 

according to claim 23, wherein said signal consists of an abbreviated vibration signal. 

[Claim 33]An object surface shape measuring system characterized by comprising the following 

using the large equivalent wavelength according to claim 23. 

Said detection means is a light detecting means. 

A means by which only a known quantity displaces an object to an interferometer means, and 
said scanning means detects an intensity variate by a light detecting means almost 
simultaneous. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to an optical non-contact surface 
type-like measuring method, concerning a surface image pick-up and the precision metrology 
for analysis as a whole. 
[0002] 

[Description of the Prior Art]The common problem in processing is precise surface type-like 
measurement. As an example of the item of the product which needs metrology, the plastic 
surface and the mechanical pump surface which carried out the element of an engine part and a 
magnetic storage device, a flat-panel display, and wood-graining shaping, a seal, and the cast 
coin are raised. For efficient production, the quality control automated in industrial environment 
at high speed is called for. 

[0003]Although the most ordinary measurement tool for surface type-like measurement is a 
mechanical stylus (styli), only the information restricted dramatically at a low speed is acquired, 
but it has a possibility of damaging an object surface. The automation system usually known as 
coordinate measurement machinery is expensive, and a low speed. 

It is used as a quality control on the work line (inch-line) which usually continued for the quality 
control (off line) outside a work line. 

Accuracy is low and a mechanical gauge like a micrometer or a caliper cannot obtain a surface 
type-like profile. Therefore, precise processing is expected dramatically to provide a 
non-contact optical object form measuring means at the high speed which can be used out of a 
work line also in a work line top. Such a means should be applicable to a various object size and 
surface type-like jump surface organization. The automation part operation in industrial 
environment and collaboration are possible for such a means, and it should not receive influence 
in vibration. 

[0004]According to the advanced technology, some are provided for the optical measurement 
art by geometric optics. A typical example is moire pattern analysis. This art is the 2nd edition 
of "an optical shop examination" of books, and daniell. It is indicated in detail [ MARAKARA 
work (Wylie, New York, 1992) ] in Chapter 16. The moire method is equivalent to geometric 
triangulation including projection and an image pick-up of Ronchi grating (ronchi ruling) or the 
same periodical structure. The commercial item based on this principle is the check flat 
(Chek-flat) manufactured by the speed femme spit fire (Speedfam-Spitfire) product group 
(DEPUREN, IL). Although the moire can measure the shape of a coarse field, it is general very 
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low accuracy compared with a mechanical stylus gauge, and, in a certain case, does not 
function at all to a mirror plane. In a still more difficult thing, moire must be proofread to a 
geometrical error. This is dramatically troublesome when change of the depth of an object 
surface is large. 

[0005]There are some metrology methods of having used optical interference measurement in 
the advanced technology, using the character as a wave of light, it is highly precise and the map 
of change of surface height can be drawn. The examples of a common interferometer are the 
2nd edition of "an optical shop examination" of books, and daniell, for example. It has appeared 
in Chapter 1 of MARAKARA work (Wylie, New York, 1992). Many of these conventional-type 
interferometer means cannot catch well a surface characteristic with a discontinuous height 
change in which 1/4 of the wavelength (a commercial device usually 0.63 micrometer) of a light 
source is exceeded, or surface roughness. Therefore, a discontinuous larger surface 
characteristic than 0.16 micrometer brings about the ambiguity of an interference phase that it 
is difficult to interpret or impossible. Difficulty produces further a surface slope being too large, 
and resolving or distinguishing an interference fringe. As a result, it is thought to many 
processing metrology problems that an interferometer is not suitable. 
[0006]Since the scope is restricted, the conventional interferometer is the advanced 
technology and is provided with some the alternative interference measurement methods and 
means which can respond to the big change in a split face and the shape of surface type. One 
clear method is indicated by the paper "split-face interference measurement using a 
carbon-dioxide-gas-laser light source" (applied optics 7 (9) 1858-1859 (1968)) according [the 
illustration method and device which are making the wavelength of light increase using a special 
light source ] to C.R. manna phosphorus and M. ratter. However, such a method needs a special 
light source, an optical part, and a detection part, is generally dramatically expensive, and 
troublesome. Even if it compares and is such an expensive long wavelength interferometer, it 
does not function under nonsequential change of the shape of surface type exceeding 1/4 of 
the long wave length. 

[0007]As approach from another advanced technology for conquering the range to which the 
conventional interferometer was restricted, by R. RUNEBUNUWA. Use of the paper "application 
of interference phenomenon in metrology assay" physics magazine 3 (7) and multiple wave 
length who was described for the first time in 57-68 (1898) is raised. Very large equivalent 
wavelength is obtained by a series of measurement in two or more wavelength, and some of 
problems of the ambiguity of the conventional single wavelength interferometer can be 
conquered. The method of applying this art to surface metrology is indicated by U.S. Pat. No. 
4,355,899 "interference measurement range measurement method" to T.A. NASUMAIA. 
However, even if it is such multiple wave length art, when it becomes difficult for a surface 
slope to be too large, or for granularity to be too large and to resolve an interference fringe, it 
does not function correctly. A multiple wave length interferometer is dramatically influenced by 
vibration again. 

[0008]According to the advanced technology, the alternative interference measurement 
method of shoes of liking to plan to reduce the sensitometry to surface roughness and a 
surface slope is provided by using the measurement structure which is not usually used. The 
desensitization interferometer of the typical advanced technology U.S. Pat. No. 4,325,637 
"phase adjustment of grazing incidence" and C. Jonathan of R.C. Moore, B. The paper by 
FURANTSUE and H.J. tee TSUIANI "oblique incidence and observation electronic speckle 
pattern interferometer" (the applied optics 33 (31), 7307-7311, and skew-ratio lighting that is 
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indicated by (1994) are used.) In what is called these grazing incidence interferometers, the 
striped density in an object surface can be reduced according to the angle of lighting and 
observation being slanting compared with the interferometer of the more common gestalt. This 
reduced striped density is equivalent to the long equivalent wavelength lambda numbers of 
times from the actual wavelength lambda of light. As the equivalent wavelength lambda is large, 
the grade of the surface roughness which can be caught with a measuring device becomes 
larger. However, the large degree of lighting angle is needed to normal line direction incidence 
by significant reduction of sensitivity. With such a big angle, a problem arises about objective 
suitable lighting and image formation. There may also be a problem of the shade and shadow by 
the surface characteristic of a level difference or a slot which are not desirable. In the system 
of such advanced technology, in order to compensate various surface reflectance, there is the 
necessity of maintaining the suitable balance of the reference beam of an interferometer and an 
object beam, and new complexity arises. Furthermore, the grazing incidence interferometer 
cannot catch the surface characteristic which has the discontinuous height change exceeding 
1/4 of the equivalent wavelength lambda. 

[0009]Another geometrical approach which generates an interference pattern with long 
equivalent wavelength is dividing illuminant light into two beams and illuminating the same 
surface portion by a different incidence angle. As for the interference pattern which will be 
obtained if these beams (bundle of rays) recombine, it has much low sensitivity to change of 
surface shape. This reduced striped density is characterized by equivalent wavelength 
lambda>lambda again. However, this method does not necessarily need the extreme angle at the 
time of illuminating, but it also has the advantage that the intensity of an interference beam can 
be balanced. The lighting which differed in order to realize long equivalent wavelength, and the 
device using the angle of observation express with a name called a desensitization 
interferometer in this indication. 

[0010]The advanced technology provides some examples of a desensitization interferometer. W. 
In the paper "surface optical border-line mapping" (the applied optics 12 (7), 1552-1557 (1973)) 
by IERISSHU and G. McCosh, the desensitization interferometer using the diffraction grating 
set so that a test-report side might almost be touched is indicated. With the lighting of the 
lattice by a monochromatic plane wave, some beams corresponding to the different order of 
diffraction arise. These beams are reflected from an object surface, a lattice recombines, and 
the fringe patterns similar to the surface outline line of the object surface are obtained. Another 
advanced technology using the optical beam of a different angle in lighting, P. Jaco, X. Colonna 
It describes in DOREGA and the paper "common way interferometer for a surface smoothness 
examination" by P.M. Boone, and (the optics for the productivity in SPIE 2248 and manufacture 
and the paper 18 (1994)). This device operates by the interaction of the two orders of 
diffraction of the holographic recording of a spherical wave front. 

[001 1]Although they have some advantages, since the method of IERISSHU and McCosh, and 
Jaco and the other methods do not set up a suitable work distance, they are not suitable for 
automatic optical checking. These methods need to lay a diffraction element so that both may 
almost contact an object surface. This is because a single diffraction element divides illuminant 
light into two or more beams in both method of these, it **** in the direction from which two or 
more of those beams are different and the portion with same object surface is not illuminated. 
Therefore, in particular, in the coarse surface, the two beams are not appropriately oriented so 
that desired cross protection may be generated. Only one method of avoiding this problem is 
bringing an object immediately near the surface of a diffraction element. The work distance 
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defined as a distance of an object and which element of an interferometer is usually smaller 
than 100 micrometers in these systems. In the inspection needs in many manufacturing 
processes, this is too small a distance. 

[0012]According to the some advanced-technology type desensitization interferometer using 
the lighting from two angles, there is no necessity of saying an object that it makes the element 
of an interferometer almost contacting. The typical example is taught to U.S. Pat. No. 3,958,884 
to F.H. Smith. Smith is teaching some division of illuminant light and the methods of 
recombination using the combination of a refraction ingredient and a polarization component so 
that work distance may become large. These methods include use of the Jamin interferometer, 
a double reflex doublet, double reflex doublet prism, or a savart doublet plate. Another example 
of the desensitization interferometer of having a big work distance is provided by U.S. Pat. No. 
4,498,771 "the surface type-like interference measurement method, and means" (3:37 - 4:16) 
to G. McCosh. The device indicated by McCosh leads an optical beam to an object using a 
doubly refracting crystal like a WORATTOSOMPU rhythm, and a mirror system. 
[0013]The demerit of a desensitization interferometer when it uses with broadband illumination 
or diffused lighting is that useful measurement depth is restricted by the coherence of light. If it 
explains directly, "coherence" here will refer to the capability of the light source which 
generates an interference fringe, when light is divided into two portions and recombines. 
Generally, striped quality or contrast decreases according to the optical path difference which 
two beams pass. It is only a time of deciding an objective position precisely that the optical path 
difference of the beam in which it interferes is about equal to zero that an un-coherent light 
source generates the stripes of high contrast. Operation of the desensitization interferometer 
which has an un-coherent light source is similar to operation of the white light interference 
meter of a conventional type like a MIRAU micro object lens. 
A point of difference is that the size of cross protection is expanded. 

The term of "white light" points out here any of the lighting having big spectrum distribution 
they are, when compared with the light source of monochromatic light radiation laser, 
low-pressure arc light, and substantially [ others ]. I hear that a striped pattern appears only in 
the portion of the object which enters within limits with the small depth in alignment with the 
optic axis of the interferometer, and the practical result is in it, when a light source is 
un-coherent. The range of this depth is about several times the equivalent wavelength, and is 
the depth which is too small to manufactured various big objects. 

[0014]The some advanced-technology type desensitization interferometer using the lighting 
from two angles is not influenced by the wavelength of a light source, therefore functions well 
by white light. Simultaneous pendency U.S. patent application 08th / No. 334939, and the 
08/365 which applied for one of such the systems on November 7, 1 994 and December 28, 1 994, 
respectively It is indicated by "the object form measuring method and device" using 
diffracted-light study of No. 589. By using the combination of two or more diffraction elements, 
the device indicated to above-mentioned simultaneous pending patent application (among those, 
** takes the all in as a part of this invention specifically by quotation here) projects a measuring 
plane on a suitable work distance. The desirable embodiment taught by these applications has 
the equivalent wavelength lambda for which it does not depend on the light source wavelength 
lambda substantially. Therefore, various light sources including a white light source can be used. 
However, when the light source is expanded, namely, when it has a big emission face product, 
therefore an un-coherent beam is emitted spatially, a striped pattern appears only in the 
portion of the object which enters within limits with the small depth in alignment with the optic 
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axis of the interferometer. The range of this depth is also about several times the equivalent 
wavelength, and is the depth which is similarly too small to manufactured various big objects. 
[001 5]If an object surface is coarse, the general difficult point about all the desensitization 
interferometers using the beam of a different incidence angle exists. The striped pattern of the 
quality of an excellent article is obtained, only when completely coherent and two beams collide 
with the surface substantially in metaphor illuminant light in the coarse surface at the same 
place. Therefore, when an object surface is coarse, it can measure only in the range of the small 
depth in alignment with the optic axis of the interferometer. This characteristic of all the 
interferometers desensitized geometrically restricts that usefulness severely. 
[0016]It can conclude that the desensitization interferometer of the advanced technology has 
many advantages from these observation to a certain measuring work which becomes easy with 
long equivalent wavelength. However, there are many restrictions in the capability to catch the 
manufacture part which has a big change in the shape of surface type. All of the desensitization 
interferometer described here do not have the capability to measure an object with the 
discontinuous surface features or average surface roughness exceeding 1/4 of equivalent 
wavelength. 

[0017]The thing based on an instrumental scan mechanism (mechanical scanning mechanism) 
and the conventional interferometer which operates by white light is raised as one certain 
completely different interfere metric measurement art for surface type-like measurement. This 
art is referred to as a scanning white light interference meter or SWLI in the indication of this 
invention. The typical method for three-dimensional measurement of the shape of surface type 
using SWLI is indicated by U.S. Pat. No. 4,340,306 to N. ballast BURAMEINIAN. This patent has 
indicated the white light interference meter provided with the reference mirror scanned 
mechanically, and a two-dimensional detection child array and a computer control system. The 
indicated method includes scanning either a reference mirror or an object with a discrete 
disposal method, measuring the striped contrast of each pixel for every scanning position, doing 
in this way, and determining the position of the maximum striped contrast to each surface point. 
The scanning position whose contrast is the maximum is a measure of the relative height of a 
specific surface point. The method of SWLI taught by ballast BURAMEINIAN is suitable for 
some mirror planes [ like ] which are optical elements. 

[0018]U.S. the 08/014 to which it applied for SWLI art of the advanced technology with one 
[ another ] more on September 9, 1994 It is taught to the simultaneous pendency U.S. patent 
application of a name called "the method and device" for the surface type-like measurement by 
the spatial frequency analysis of an interferogram of No. 707. The optical system for measuring 
the shape of the object by this indication consists of an interferometer provided with a 
multicolor light source or the white light source, the instrumental scan device, the 
two-dimensional detection child array, and the digital signal processing means that measures 
surface height from interference data. By scanning an object in the direction about vertical to 
the surface illuminated by the interferometer, the interferogram to each image point within a 
view is generated simultaneously, and detection child data is recorded on a digital memory in 
that case. These interfero grams are changed into a spatial frequency domain by a Fourier 
analysis next, and when the surface height of each point investigates a complex phase as a 
function of spatial frequency, they are obtained. A culmination is generation of the perfect 
three-dimensional picture which comprised height data and corresponding image plane 
coordinates. 

[0019]To a certain kind of an object and the surface, although the various methods and means 



JPH08-285561A 10 

of SWLI of the advanced technology are useful, they have demerit that they are important and 
fundamental. For example, as compared with that a view is narrow, that the sensitivity to 
change of object reflectance is high, and the gestalt of optical surface measurement of other 
many, it is raised that measuring time is late, that the sensitivity to vibration is high, etc. These 
restrictions relate to the wavelength and the corresponding striped density of light. 
[0020]Generally as one of the most important and fundamental demerits of SWLI of the 
advanced technology, it is raised that a view is a size of the grade caught with a standard 
microscope object lens. In order to function correctly, the detection child who records 
interference data electronically in a SWLI device has to have resolution high enough as 
compared with interference fringe density. When the view of the SWLI device of the advanced 
technology increases, striped density becomes a value which is too high for resolving easily. 
This is remarkable when treating a split face. The inclination admissibility to a mirror plane 
decreases linearly with view size, and the speckle effect required for split-face measurement 
has definition, only when the numerical aperture (NA) of an object lens decreases linearly with 
increase of a view. Since the amount of condensing decreases by square [ of NA ], it is very a 
disappointment that it is necessary to resolve a speckle pattern from a split face. That there is 
a loss of light means that so powerful an illuminator is needed, if surface area becomes large. 
What is worse, striped contrast is a parameter changed very easily, and measurement quality is 
deterministically dependent on the balance between a reference beam and object beam 
strength. 

[0021]Since it is difficult to measure big surface area, the only commercial device based on 
SWLI is a microscope, and can incorporate the circular view that a diameter is usually smaller 
than 5 mm. The new view (NewView) 100 according to the ZYGO (Zygo) corporation for example 
as the device, RST by a WYKO corporation (Tucson, Arizona), Mike Loki Sam (MICROXAMHEX 
by a phase shift technology company (Tucson, Arizona), the 512 optical profile and form tester 
on the micro map (MicroMap) (Tucson, Arizona), etc. are raised. Therefore, in spite of needing 
the measurement tool for manufacture for a real target, the advanced technology does not 
provide the SWLI device used for things other than a microscope part article (Microscopic 
parts). 

[0022]Another fundamental fault of the SWLI art in the advanced technology is that data 
acquisition is very late. For example, RST manufactured by WYKO Corporation acquires data at 
a rate with a surface depth of 0.5 micron/s. Therefore, since the surface which has 1 mm of 
surface features scans, it takes 30 minutes or more. It is a result of the cross protection 
changed at high speed as a function of a scanning position that speed is slow. In order to 
perform exact measurement, it is necessary to record these change in detail. Usually, this 
becomes the rate of measuring once for 75 nm of every scanning operation per pixel. That 
speed is slow brings about further the high sensitivity and thermal deformation to vibration, and 
which mechanical distorted problem during measurement. 

[0023]Another fundamental fault of SWLI is the high sensitivity to vibration, the sensitivity of an 
interference fringe pattern is very high, and a little mere vibration also originates in breaking 
easily that this has a slow data acquisition speed to one, and one. A SWLI device needs a 
usually big fixture and an expensive oscillating breaker. A SWLI device is relatively restricted 
very much to quiet environment compared with an ordinary production environment in 
preventive measures like this. 

[0024]Since it is pressed for the produced parts by the necessity of measuring with a large area 
at high speed, efforts to extend the scope of SWLI have been partly paid in the advanced 
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technology, for example, "a three-dimensional image pick-up by the subnyquist sampling 
(sampling) of a white light interferogram" (the optical communication 18 (17).) by P.deGroot and 
L.Deck In order to improve the speed of data acquisition and for this to improve the depth field 
of a device, sparse (sparse) data-samples-ization is used for the method currently taught to 
the paper of a title called 1462-1464 (1993). Nevertheless, even if it carries out with this sparse 
data-samples-izing, the approach by SWLI is a low speed fundamentally because of the 
necessity of sampling a high-density interference fringe pattern correctly. The trial of another 
advanced technology to which the reading per second in a SWLI microscope is made to increase 
is indicated by U.S. Pat. No. 5,402,234 "method for high-speed acquisition of the data in 
coherence scanning interference measurement, and device" owned [ of the March 28, 1995 
issue by L. deck ]. The special algorithm and data buffer which select and memorize the most 
useful portion of an interferogram about each pixel are used for the system indicated by the 
deck. According to this method, the quantity of data processing required to generate a 
three-dimensional picture decreases substantially. The principle taught by the deck is taken in 
by the product of the new view (NewView) 100 manufactured by the ZYGO (Zygo) corporation 
(Connecticut, middle field). However, the new view 100 also still needs the exact data sample of 
a high-density interference fringe pattern. Therefore, a reading per second is still dramatically 
slow, and acquires data at a rate with a surface depth of 2 microns per second which left. 
[0025]The trial of another advanced technology to which useful application of SWLI is made to 
increase is described in the paper "three-dimensional perception of the split face by a 
coherence radar" (the applied optics 31 (7), 919-925 (1992)) by T. DOREZERU, G. Heusler, and 
H. BENTSUKE. The numerical aperture (NA) in which the regulation for increasing the average 
speckle size from the coarse large surface is possible, and a special combination of two 
mechanical actuators are used for the optical system of this indication. It is for displacing a 
reference mirror in the range with one [ small ] of the actuator, and is for another scanning an 
object by a discrete step. The picture (graphical images) of the three-dimensional object which 
contains an object with a larger diameter than 5 mm in some of drawings of the paper is shown. 
However, the practical value of a device is severely restricted for the light of a low to a big 
object, and the necessity of processing a lot of data. And the data acquisition procedure is not 
especially late suitable for a high-speed optical inspection. 

[0026]Thus, the trial of the advanced technology to which useful application of SWLI is made to 
increase is packed as follows. The mechanical stylus is useful although surface features of a 
certain kind is measured, but it is dramatically late, and only the limited information is acquired, 
but there is a possibility of harming an object surface. Accuracy is not generally inferior to the 
device provided by the mechanical stylus in the optical apparatus of the advanced technology 
based on geometric optics, and it does not necessarily function to which type of surface. To 
very highly precise measurement of an optical element, although the interferometer of a 
conventional type is useful, it does not fit much manufacturing inspection work. Although the 
multiple wave length interferometer can solve the problem of some obscurities by the level 
difference and slot on a mirror plane, it is accompanied by the almost same restriction as a 
single wavelength interferometer about a surface slope and granularity. To the surface which 
can be seen very easily with big equivalent wavelength, although the desensitization 
interferometer is advantageous, the case of the surface accompanied by change of the big 
depth, and in the case of the surface accompanied by the discontinuous larger feature than 1/4 
of equivalent wavelength, it does not function well as compared with equivalent wavelength. 
Therefore, it is narrow and sensitive to change of surface reflectance, and the method of SWLI 
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has a dramatically late view and it is very sensitive to vibration. 

[0027]Therefore, as for the advanced technology, such a means is not provided although the 
necessity of receiving the non-contact optical means which measures the object surface for 
precise manufacture is very high. The publicly known method of optical surface type-like 
measurement is not suitable for industrial environment, and its pliability (flexibility) over a 
surface size or shape, or a state is not enough, and it is not suitable for part (automated) 
operation in which it automated. Therefore, although it is [ for precise surface type-like 
measurement ] exact and a flexible (flexible) method and device are called for at high speed, it 
has not yet realized. 

[0028]This application relates to simultaneous pendency U.S. application "method of measuring 
the shape of surface type using diffracted-light study, and device" (the [ November 7, 1994 
application ] 08/334 the [ No. 939 and / December 28, 1994 application ] 08/365 No. 589), 
Although the contents of those applications are specifically made into the part of this invention 
by quotation here, it is improvement to them. 
[0029] 

[Means for Solving the Problem]A method of measuring shape of an object surface from a 
suitable work distance to an object using a desensitization interference fringe generated from a 
desensitization interferometer means whose this invention is characterized by that what 
provides an object surface shape measurement method which used large equivalent wavelength 
comprises the following. 

A process of illuminating a desensitization interferometer means to have related equivalent 
wavelength longer than the light source related wavelength with a light source which has related 
wavelength in order to supply said desensitization interference fringe. 

Any cross protection is restricted within the limits of equivalent coherence length, In order to 
supply a variate including a signal about equivalent wavelength modulated by signal envelope 
which consists of a signal corresponding to said interference fringe, and an envelope 
corresponding to the striped contrast. A process of generating measurement data 
corresponding to at least one pixel in a view of a desensitization interferometer means by 
displacing an object to a desensitization interferometer means. 

A process of analyzing measurement data in order to determine surface height corresponding to 
each pixel. 

[0030]An illumination method which other inventions are the optical shape measuring systems 
for measuring the shape of objective surface type, and has related wavelength, Are installed to 
an illumination method so that it may be illuminated by said illumination method, and it 
illuminates by an incidence angle which is moreover different in an object with two or more 
beams of light at the almost same place, A desensitization interferometer means which can 
produce an interference fringe of high contrast within a range which has related equivalent 
wavelength longer than related wavelength of an illumination method, is installed in a suitable 
work distance to an object, and is defined by equivalent coherence length, A detection means to 
be installed to said interferometer means and to detect an interference figure, and an object are 
carried, Any cross protection is restricted within the limits of equivalent coherence length, 
Since a variate of intensity including a signal about equivalent wavelength modulated by signal 
envelope which consists of a signal corresponding to an interference fringe and an envelope 
corresponding to the striped contrast is provided as a function of a scanning position. A 
detection means to detect an intensity variate in order to provide one interferogram about at 
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least one pixel in a scanning means installed in order to displace the object about the surface 
illuminated by an interferometer means in order to perform a depth scan, and a view of a form 
measuring apparatus, An object surface shape measuring system using large equivalent 
wavelength provided with a means to provide surface height of an object surface corresponding 
to at least one pixel is provided. 

[0031]Using desensitization interference images, from a suitable work distance over an object, 
this invention is the shape of objective surface type a method and a system to measure, and 
this optical shape measuring system, A light source (illumination method) which consists of a 
filament lamp, a light emitting diode, or laser, It comprises a desensitization interferometer with 
the feature of equivalent wavelength far longer than wavelength of illuminant light, an 
instrumental scan system (scanning means) which consists of optical stages, an electronic 
detection means which consists of a camera provided with CCD or a photograph array, and a 
data processing means which consists of computers. 

[0032]An optical surface type-like measuring device which consists of a desensitization 
interferometer illuminated with a light source like a filament lamp, a light emitting diode, or laser, 
for example by this invention can be provided. A desensitization interferometer is characterized 
with the larger equivalent wavelength lambda than the light source wavelength lambda, a 
suitable work distance (for example, larger than 1 mm) over an object, and the capability to 
generate an interference fringe of high contrast in the depth range L defined as equivalent 
coherence length. An interference fringe is changed into an electrical signal to an array of a 
pixel by camera provided with a photograph detection child's array. 

[0033]Measurement data to one or more picture dots, i.e., a pixel, in a view of a desensitization 
interferometer is the intensity fluctuation as a function of a scanning position at the time of 
only a certain known distance displacing an object to a desensitization interferometer by 
computer. Measurement data (photograph detection child data) which detected this intensity 
fluctuation by an electronic detection means (camera) as measurement data, and was detected 
simultaneously is generable by recording ************. Intensity fluctuation as a function of a 
scanning position is expressed as a vibration signal about the equivalent wavelength lambda 
modulated by a signal envelope (envelope) which restricts cross protection to a range within 
equivalent coherence length L. A vibration signal corresponds to an interference fringe and an 
envelope of a vibration signal is striped contrast. 

[0034]Next, measurement data is analyzed by computer and surface height corresponding to 
each pixel is calculated. For example, in a method of this invention, a scanning position where 
striped contrast becomes the maximum is a measure of relative height of a certain surface 
point. Or according to the one more option of this invention, by changing an interferogram into a 
spatial frequency domain by a Fourier analysis, and investigating a complex phase as a function 
of spatial frequency, surface height to each pixel is obtained and the shape of surface type is 
measured again. 

[0035]This invention conquers range restrictions of a desensitization interferometer by 
advanced technology, and provides a view far larger simultaneously than a scanning white light 
interference meter by which advanced technology, and a high scan speed. These of this 
invention and other features will become further clear by setting and reading the following 
detailed description and an attached drawing. 
[0036] 

[Embodiment of the InventionjHereafter, based on the example shown in a figure, this invention 
is explained in full detail. This invention is not limited by this. Using a desensitization 



JPH08-285561A 14 

interference fringe, this invention is the method and system which measure object surface 
shape from a suitable work distance optically to an object, and this system, A light source and 
the desensitization interferometer which generates the desensitization interference fringe 
which has equivalent wavelength far longer than the wavelength of illuminant light, After 
memorizing and analyzing in a memory the measurement data detected as the instrumental 
scan mechanism in which an object is displaced to a desensitization interferometer, and an 
electronic detection means to detect a desensitization interference fringe as measurement 
data of one or more pixels, it comprises a data processing means which consists of a computer 
changed into the surface height of each pixel. As measurement data about one or more the 
picture dots, i.e., the pixel, in the view of an interferometer, an object is displaced to an 
interferometer by an instrumental scan mechanism, the intensity fluctuation as a function of a 
scanning position is detected by an electronic detection means, and it is generated by recording 
on the electronic storage (memory) of a computer. It can become irregular by the signal 
envelope which restricts cross protection to the range within equivalent coherence length, and 
the intensity fluctuation as a function of a scanning position can be expressed as a signal about 
equivalent wavelength which vibrates mostly. The signal of this vibratility corresponds to an 
interference fringe, and an envelope is striped contrast. The array (pattern) of an interferogram 
(change of interference light intensity, striped contrast) is analyzed by computer at the 
following step, and the surface height corresponding to each pixel is calculated. At this time, an 
interferogram is changed into a spatial frequency domain by a Fourier analysis, by investigating 
the complex phase as a function of spatial frequency, determines the surface height of each 
pixel and measures the shape of objective surface type. 

[0037] Drawing 1 is an explanatory view showing the basic constitution in the method and 
system of this invention, and shows the desirable embodiment of the optical surface shape 
measuring system of an invention assembled in order to measure the shape of surface type of 
the object 20. In drawing 1 , the illumination light is supplied with the light source 30, and a 
filament lamp, a light emitting diode, laser with a diffusing element, and the same spatially 
un-coherent light source for lighting are raised as a light source. As for the interferometer 50, 
although the optical beam 40 is led to the interferometer 50, it is desirable that it is the 
desensitized interferometer. Although the interferometer 50 illuminates an object with the beam 
60, this beam may consist of two or more beams (not shown) which illuminate an object by an 
incidence angle which is substantially different at the same place. The capability to generate 
the interference fringe of high contrast in the range L defined as a desirable special feature of 
the interferometer 50 here as a suitable work distance (for example, larger than 1 mm) and 
equivalent coherence length with the larger equivalent wavelength lambda than the light source 
wavelength lambda and the object 20 is achieved. As for the interferometer 50, it is desirable to 
project the interference fringe showing an object surface on the electronic detector 80 by the 
beam 70. As an electronic detector, a closed circuit television camera, a linear shape detection 
child array, a single element detection child, etc. are raised here, for example. 
[0038]It is desirable to lay the object 20 on the instrumental scan stage 90 arranged in order to 
displace the object 20 in the direction substantially vertical to the surface illuminated by an 
interferometer. Displacement of the object 20 by the stage 90 is called a depth scan (vertical 
scanning) here. As for the stage 90, being controlled by the computer 100 is desirable. In the 
desirable method of this invention, when carrying out the depth scan of the object 20 
continuously, two or more intensity measurement is performed by the electronic detector 80. 
As for these measurement results, it is desirable to make it memorize in the dynamic memory 
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(not shown) of the computer 100. Thus, as for the obtained data, it is desirable to make it 
memorize in a digital format as an array of an interferogram, and one interferogram corresponds 
at a time to each picture dot or pixel within the view of a device as a thing showing change of 
the intensity as a function of a scanning position. 

[0039]Typical change of the measured intensity as a function of the depth to one pixel is shown 
in drawing 2 . Usually, as for the periodic pulsing called an interference fringe, it is desirable to 
fall within the depth range expressed with a following formula. 
| p+z-z 0 |<=L/2 .... (1) 

L is equivalent coherence length, p is partial surface height here, z is a scanning position and z 0 
is a constant. As for the value of p, changing with the positions on an object surface is usually 
desirable, and it is an object surface-shaped (object surface topography) measure. By scanning 
an object over the wide range, it is desirable to collect interferograms about all the surface 
points. 

[0040]For example, the analyzing method of an interferogram as shown in drawing 2 is publicly 
known in this technical field partly. It is because the easiest method measures the intensity of 
the vibration signal in the interferogram as a function of a scanning position. A signal is the 
strongest at the time of p=z 0 -z. Therefore, signal strength directs surface height p to each pixel. 
By this method, even if it is change beyond the range of effective coherence length L, the thing 
in object surface shape for which a big change is measured very much becomes possible. 
According to the principle currently taught to U.S. patent application 08th of the September 9, 
1994 application under simultaneous pendency / No. 014 or 707 "method for the surface 
type-like measurement by the spatial frequency analysis of an interferogram, and device", 
analysis can also be advanced by frequency analysis. Let the contents of this application be a 
part of this invention by quotation. 

[0041]Therefore, the data acquisition which is rich in these originality, and an analyzing method 
are similar to the procedure in which it was used for the SWLI method of precedence. However, 
since the interferogram of the device which is rich in this originality is rather characterized with 
the equivalent wavelength lambda from the light source wavelength lambda, compared with the 
advanced technology, only factor lambda/lambda of number of required data points has 
decreased for predetermined scanning length. Furthermore, the electronic detection means can 
analyze an interference fringe easily [ possible / whether it stretches more ] by the 
interference figure characterized with the optical wavelength lambda. Therefore, compared with 
the advanced technology, a measuring-plane product can be increased substantially. 
[0042]Although various examples currently indicated here show what operates using an 
un-coherent light source, if it is sufficient split face for an object surface to weaken the spatial 
coherence of catoptric light substantially, even if it uses a coherent light spatially, the purpose 
of this invention can be attained. The required thing is that an interferometer has the feature 
equivalent coherence length L which is not too large. :3lambda<=L<=30lambda as which the 
typical range of useful equivalent coherence length is determined by a following formula by a 
publicly known data analysis method now .... (2) 

However, the value of L except [ this ] not deviating from the intention of this invention is also 
possible. 

[0043]Although one example incorporating the desensitized type interferometer of the form 
special to drawing 3 of this invention desirable now is shown, This is the 08/334 of the 
application as of November 7, 1994. The 08/365 of No. 939 and the application as of December 
28, 1994 It is based on instruction of the simultaneous pendency U.S. patent application 
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"method of measuring the shape of surface type using diffraction optics, and device" of mine of 
No. 589. According to the method of this invention using this device, the light from the light 
source 30 is collimated by the illumination light 140 with the lens 35. The beam of light 140 
strikes upon the concave grating 120 first. A concave grating divides the beam of light 140 into 
the beam of light 1 50 and the beam of light 1 60. Diffraction of the beams of light 1 50 and 1 60 is 
carried out by the second concave grating 130 at the following step, and then it hits the object 
20. If it reflects, these beams of light will get across to the concave grating 130 again. 
Diffraction of the concave grating 130 is carried out so that these beams of light may be 
re-compounded on the surface of the concave grating 120. Diffraction of the re-compounded 
beam of light is carried out to the exit light line 180 common to the next, and it is doubled in a 
focus on the camera 50. The interference figure which expresses the difference of the optical 
path length of the beams of light 150 and 160 on a camera is detected. 

[0044]The perpendicular displacement of the object 20 produces change of measured intensity 
as a function of the depth as a result of a difference of the incidence angle of the beams of light 
150 and 160. what showed drawing 2 change of the intensity measured about 1 pixel of a picture 
as a function of a scanning position — ** — it is the same, therefore characterizes by the 
equivalent wavelength lambda and equivalent coherence length L :lambda=lambda/which can 
calculate equivalent wavelength by the following formula (cos(theta)-cos (phi)) .... (3) 
(The incidence angle of the inside of a formula and the beam of light [ as opposed to the surface 
1 70 of the object 20 in theta ] 1 60 and phi are the incidence angles of the beam of light 1 50 to 
the surface 170 of the object 20). It turns out that it can make in principle when any owner 
wavelength lambda>=lambda chooses the suitable angles theta and phi. For example, it is 
lambda**16.6lambda if it is phi= 20 degrees and theta= 0 times. 

[0045] Although equivalent coherence length L for the desirable example of drawing 3 is decided 
by many factors, it is mainly related to the irradiation surface product of the uneven grade of 
the surface of the object 20, and the light source 30. Therefore, if an irradiation surface product 
can be adjusted or the grade of the spatial coherence of a light source can generally be changed, 
the size of equivalent coherence length L can be adjusted according to application. 
[0046]One example of this invention using the desensitized type interferometer of another form 
is shown in drawing 4 . In the example shown in drawing 4 , the light from the beam of light 230 is 
collimated by the beam of light 200 with the lens 235. The beam of light 200 is reflected with the 
reflector 205. The beam splitter 210 divides this light into the beam of light 240 and the beam of 
light 245. It reflects from the mirror 250 and the beam of light 240 is turned to the object 20 by 
the incidence angle phi. It reflects from the mirror 255 and the beam of light 245 is turned to the 
object 20 by the incidence angle theta. After reflecting from the object 20, it reflects from the 
mirrors 260 and 265, respectively, and then the beams of light 245 and 255 are re-compounded 
by the beam 275 by the beam splitter 270. The lens 285 connects the image of the object 20 on 
the camera 290. When it adjusts appropriately, an interference figure arises with various beam 
paths in the example shown in drawing 4 , but the equivalent wavelength lambda determined by 
the equation 3 decreases. When it adjusts appropriately, even if it uses an un-coherent light 
source, this interferometer operates. However, when an un-coherent light source is used with 
this example, the field of high striped contrast is restricted to equivalent coherence length L. 
Equivalent coherence length relates to the both sides of the bandwidth of the spectrum of a 
light source, and the size of a light source. The feature of others of the example shown in 
drawing 4 , for example, data acquisition, and the analyzing method are substantially [ as the 
above-mentioned this invention example ] the same. 
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[0047]Another example of this invention using the desensitized type interferometer of another 
form is shown in drawing 5 . In the example shown in drawing 5 , the light from the light source 
330 is collimated by the beam of light 300 with the lens 335. The beam of light 300 is mutually 
divided into the two right-angled beams of light 340 and beams of light 345 by the double 
refraction element 310. This double refraction element is like the optical component which 
separates spatially two polarization, a Wollaston prism or a beam of light. Both the lenses 350 
connect the focus of the beams of light 340 and 345 on the object 20. After reflecting from the 
object 20, the beams of light 340 and 345 are emitted until it is collected with the lens 360 to 
which the focus of these beams of light is connected again. The double refraction element 370 
re-compounds the beams of light 340 and 345, and makes them the beam of light 375. The light 
polarizer 380 compounds projection of the beam of light 340 and polarization of 345, carries out 
it to common polarization, and is placed in the direction which produces cross protection. The 
lens 385 connects an objective image on the camera 390 next. When it adjusts appropriately, 
various beam-of-light paths in the example shown in drawing 5 produce the interference figure 
showing object form, but the equivalent wavelength lambda determined by the equation 3 
decreases. If it adjusts appropriately, even if it uses an un-coherent light source, this 
interferometer will operate. However, when an un-coherent light source is used with this 
example, the field of high striped contrast is restricted to equivalent coherence length L. 
Equivalent coherence length relates to the both sides of the bandwidth of the spectrum of a 
light source, and the size of a light source. The example shown in drawing 5 is most suitable for 
the single point of the object 20, or the linear image. In the case of the image of a single point or 
linearity, probably, a horizontal scanning mechanism (not shown) is understood as including in 
the stage 90 having an advantage, in order to make easy composition of the perfect 
three-dimensional shape of the object 20. The feature of others of the example shown in 
drawing 5 , for example, data acquisition, and the analyzing method are substantially [ as the 
above-mentioned this invention example ] the same. 

[0048]If it is a person skilled in the art, it will be able to understand that the form or details of a 
method and a device indicated without deviating from the intention of this invention can be 
substituted, omitted and changed. 
[0049] 

[Effect of the Invention]According to this invention, the object surface shape measurement 
method and system using the interferometer which is rich in this originality do so the effect 
taken below. Both the coarse surface and the surface like a mirror can be measured. The 
surface with a big distortion or inclination can be measured. A view larger than the conventional 
SWLI art becomes possible. A high-speed scan is attained from the conventional SWLI art. The 
range of a depth scan (vertical scanning) is larger than the conventional desensitized type 
interferometer. Work distance is larger than the most conventional desensitized type 
interferometer. There is little influence of vibration compared with the most conventional 
desensitized type interferometer. Striped contrast profitable **** outstanding from both 
interference light lines reflecting from an object surface. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the basic constitution (components) in the method and system 
of this invention. 

[Drawing 2] It is a graph which shows change of the measured intensity as a function of the 
scanning position to one pixel in a view. 

[Drawing 3] It is a figure showing the desirable embodiment of this invention. 

[Drawing 4] It is a figure showing another embodiment of this invention. 

[Drawing 5] It is a figure showing another embodiment of this invention. 

[Description of Notations] 

20 Object 

30 Light source 

40 Optical beam 

50 Interferometer 

60 Optical beam 

70 Optical beam 

80 Photoelectrical detector 

90 Stage 

100 Computer 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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4%X5Xg$r^tf ' t ttW&ki-Ztm^i 1 teicWTv 
[!if*jf l 4 ] itiiWM £ *fixgii^X?^©te ± 

[ft*il l 5 ] fftHMfeT—? £j&^WH*&mM<z> l 
olc^tL-f >?-7 I p^A7K ?r^«X5fcftti 

oi;MUy7-7iP/7^7l/-<^Iftt5f:6ft 

St 

| p + z- zo | ^L/2 (1) 

$n§?^$*QHTfo5 z. ir 4-#m^XS!**« i gaga 

1 8 ] WIESI^r- ^ X/7£XS(i«lSX?M+ 

mxtettxsse «t 9 3t«iftix-^^iE»X5xs^ttf 
r t ^ ^® t x 6 if 1 mm <r> ±^m^A % m 1 xc#? 

[»*Jll 9] llfjfSi]SX-^X)*XgiitulE7t^ 
X-^?rf^X5 7cftiij*T u-i- lc*tLX*m«^^ 
X5Ig££ iblc^^r ir^#mtX5ll*«l 8Et 

2 0 ] SflE»^^HSgK^^f**iSXw* 
m<nm $ «t "J A- # v n r t frftMK t XS If 1 8 Eft co 

2 1 ] Met* ^i«BiM9^a> ?> * 5 3. t * 



3 

2 2 ] Meiif^iHaMifj> e> ft 5 r t £ 

H*«SSr#-f 5 HB n ¥® t . 

nam w^st- «t o xm w z «t 5 n w ¥® k at l t 

ft5AJW#TifJEU HS9]#g:roN^{^9ftvMffii 

7* hictt&i-z > &&mtfrbtj:?>m%-&&mz£'3x 

SAW" 5 i £ {f ;i r t £ 1 1~ 3 T^fHSft £ 
ffl v >fc*«c*iBJ^KaiJ& r A 0 

fctlft-f- 5 d i 1 1" 5 ffi&g 2 3 IE 

7X.A 0 

p ^ 7 A 5 fc * wiait^© * $ x. , huIE 

I p+z-z, j SL/2 (1) 

(st^K Lli^MBi^ t-^g, p fi#jfrj|ffi t.<Dm 



(3) ^PM¥8 - 2 8 5 5 6 1 

4 

&#tr) i^i'9*45rt^^rmt-t-2.ft*Jl2 3fE*c 

[If *ri 2 8 ] w\mmW^m^ffl&)4¥=> t-uyh 
bmWftUfr h ft h - t $rWi!( £ -t" 38S#JI 2 3 |E*c<7) 

io ^#mt-r5!t*«2 3fa4Scw±^ffi^s*^fflv^fct)ft 

[ft*« 3 l ] ilirlBJBW^Ito***^ K#&a» 
ibftSr t*#mti-5ft*Jl2 3E«<a*$fljjfcg£ 

[ft*rl 3 2 ] ffi£fi*tf KHSftft**' 5, ft 5 ' t 

[ft*rf3 3] llWEtftfti¥att*<ft*P#®*»i, M 
20 litfH«f»c***D#S»J:J:oT!ift*l:*rtt*p-t- 
fffiR* Sr ffl ^ ^W*ffiffm»l^ ^> ^ x ^ 0 
[0 0 0 1 ] 

[0 0 0 2] 

[0003] SB^SJ^wfcfewftiWa^Iil^il^ 
mnfoxp-i 7* (styii) -e*>5as, 

•Y>± (in-line) WSfffat Lt ± "J tfl7^ V 
ft (off line) t7)p D nS§aW7tJ6ICffl^ib^X5o W ^ 

fg < *ffiJF^W7 : n -7 ^ -/u^'f#5 r t (iT'tftl^ ^ 
or, flftfe ft Ai X i c « H t> -T y h I - ^ T t 7 -Y 

5c *coj;9ft^(i, m^^^f-^rX, &&BVtts 

50 ttmffiaiHrafflprfiB-efcs^t-e*)*. s/c, 



5 

[0004] &m£flf(-iftf4\ limbic isft^ift 

Tummtirx-hZo z<D&ffiimm<7> ^->ay^ 
ifej ^2 us, ^-^t- -77*7f (y^y, -3.-3 

1992) ©II 6¥(Cf^ClfEft£flTl^ D ^ 
^7 U&lin y^f— fei 1 (ronchi ruling) fcSVMJPI 

A-XtV h7r^7 (Speedfam-Spitfire) 

-7° id tc±o-c«e*nfc^-*y^ 

77^ (Chek-flat) T?fc£„ tTHitlflO^ 
tmZZb & T'l 5 ^ s , * 7 -Y 7 * 7 ; - v 5 \cit^< 

5 b -«WKi*1!rtfiV^«f«T?*) 0 , *>5»^^littE 
LTri* ofc < »fiB Uev^ £ f> icEiift r t K 

icM^T-fcSo 20 
[0 0 0 5] MrSSffcttate^RWfllfcfll^fc 

Kl&J B2f&, -^yjjym (7^fU N -3.- 

3-7, 1992) ©»l*JCffl-CV^5. 'tl^CD^ST 

63 M m) <D4#m«r«;t5*^*iS£*ft; J * , *ffifi 

■c, o.i6MmJ:5<>*:tv^aett^ffi«Ht«, 30 
5 " & *s H * fe 3 ^ (4 ^ pTtM ft =F#ffiW © K * £ * fc fc 

mhz%< (Dfiaxsym^MmMicttLxmrnxitfo^b 

%Z.bilX\/^5 B 
[0 0 0 6] «*<0T#ttttaffl1*SIB#l8kftT^5fc 
ft, ftfrftHf-e, fiffifcJ;tfSffi^ftt-:fcit6A#ft'£ 

SrtWfeSftTi^S. WM>ft l o^Tr/ifi, #SiJft*'/!I 

SB/5\ C. R. -^yf y^tM. 7 77 

fflft^7 ( 9 ) 1858-1859 (1968) ) (C^^$tlTt> 
3 0 L^Lftz)^, ^-cDi 5ft77'S(4, WBiJftTt'S, 3t 

fl-?*>$. $ lc, tSiJx. ' co J: 5 ftSJftftft&jt^ft 

<D^mm.^mt(DTXimmL^\ 

[ 0 0 0 7 ] ^*w-f 1 ?#f+coPSf J tL/iiQia^.5'ifiR-r5/i 
S , )7)55'|t07 l clfft»^^W77n-f-t LT, R. 50 
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S^cDlSfflj t»*ti£3 (7) , 57-68 (1898) fc*5 

^■cWfe-cE^^nfc J; 5 ft. £***©ftffl#*>»f e> 

ftmZfcfti-ZJjfetf, T. A. -J-*W7^©*S# 

fff|4, 355, 899-^ r^£ff-9J#jK$£»j5g;fr&;J 

ft TV ^5 „ L^Lft^P), Ztlh(D%m : <fc&&WXh'o 

T*«Mirf 3 ^ t ^HiKc ft 5 4 5 ft*§£\ IE L < 
ttDg Lfti \ MSff^fH«fclll^o T^ff ic 

[0008] jfeffft«i-«t*btf, Lft^atetf 

Ti^U-fi, R . C. ^-7^*8^^4,325,637^- 

77V7ii:H. J. 7^f^^7-=tCj;6^5: T#4i6 
Alt t IftMfl^^y ^ /w<?-y=Fmt\-i atm^ 

3 3 (3 1) , 7307-7311, (1994) IcW* £ixT^£ 

4 5 ft#4ftBP/1£ffl^7;i/><5o ^ttP,©v^t*5^1-ft 

a wt*i 1 1 & v > t , m m t » & m n>m * -e h 5 ~ 
sic iotffixs - t<Dx% 5*ffia$ross^7xt < 

ft6 0 L^LftjJSP,, ^S^>WSftlS^I-<t l 9> 
[6jAltlv:*fLTA#i^Wftffi^^Si:1-So ^»J;9 
ftAtft^et-ctoT^^jg^ft.TOir^iifflL 
TPplffl/J^CSo SMfc?)V^^4?ffti:'•(DSffifttt 
L< ftV^j^K»BS)Htfe5 x.5o 5 ft 

fS-f 5 fcfe^trW^fig tr- Kb® fa tr- A coiim ft ^ 
7>7?:J:5»fcot, *rfc ft It $114^5 4 C 5 0 
$ ? 3 |cA^-rftA*t z F#f+(4^ffi?SftA(7)4^Wl ^Sx. 

^ftv\ 

[0 0 0 9] g^«g?:t)Of^^-^SrW 
5^<75glM^W7 7u-f-}i N 7til7fe^2O(0f-^lC 

»»t, IP! t«ffiaJ»S:ft4ofcAWft-CBafH1-5 C b X 
h6 0 mtb(Ot"-^ (***) #m&&ir&k®b 

ffiiSSA > A tc 4o7#®o(tbti?)„ L^^Lft/jUj, 
-f , f - A (7)^/S CO/n 7 > ^ ^ t tlX I N S fc l ^ flj 

St t fit 5 0 ft ^flKft & HS-f 5 A Sft o as 



(5) 
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^mik^o^xm-r 0 

[0010] 9iimmnmmT-mf^^<^fi^mi^ 

2 (7) , 1552-1557 (1973) ) M&I^T, f^SffitC 

£C5 0 mPx^f-A^^B^PjRW^ti, 10 
^^-y^f,ti6 0 fiWl-fctt-SSftofc^i 
X. apyt K U'^f*5«tuep. M. y->iC£.ZM 

x t¥mmmvtzt>b<D&m^mi} , (spie 

2248, Kig^tJft5^tt<73fefe03t^ iil8 (19 
94) ) icgEftSJxTl^So rogilJMSBn^n^ 

[0 0 11] -fi— U ^^at-ray^iffl^ilf 20 

ft fEB©t£R£ l ft ^ © t? I Itt^Sffl is jg s t 
ftt\ m^ro^fedw^t k^ftgEiast/ui^ 

fc*ismce« trtif**ffi«[H] csu^strbw Lftv\&»e> 

bntV^V\ r©Pp^)SSr|Hlffi-f-57c7clO(73^fe(4, 30 

[0 0 12] 2o(75^S/5^WBSfS^ffll>5^< ot)^co 

#JF. H. * ^ W*a#fF^3,958,884-§-{C»^$ 
t fi*J*#0>ft£*«rffl v ^tz fciSOtro^MHJa ,fc OS 

-f^^th S®#f^'7V-y K ^HftWU-y h7° 

Wit G . v 3 -y v a. — CD3fcB#fF3! 4 , 4 9 8, 7 7 1 
^ /iim'B^v) P^fHWlft^ffi fc f-gj (3 : 37-4 : 16) 
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[0013] &®mmwh%\<^tfcmmmk&icm^tz 
uy^^io-cMRss^s r k-?hz>o t%&>\mw-rz 

<D{<LmZffi®\z.®:$>tzkZtztfX*hZ> a ^nt-ky h 

flT^Sd^co^ # £ ri^te* $ *vcvs r. k x°h 
- ^ *r-t ©fmroHKW^mfi3tft*fro3tjg t M:-<7iH#, 

•So 

[0 0 14] 2o©£,g^fe©BBPJ£ffl<^5^<o;^<D 

1 o^, 1994¥ll^7BiaJ;m994^12fl280^^H€ 
tltbSI$n^PB##,S*H#f|FtiJSS^08/334 939-f-fcJ; 
0=1108/365 589-^-tT? rmtffTfe^^ffl V ^tzVvfcB'VlWlfelT 
feRTimm (C^^^tlTV^o 2oK±wiiISrS*w 

^WL, LfcaSoTSIBWl-* = t-uy hftf-A?r 

awl-si*, Tmt<Dfflfo\^^itmzm^^itm?\ 

\z.X%®fo<nWA1z^\'W®Mtfm.ftZ> 0 ~(r>m£<Dm 

[0 0 15] t L*ft:*aiiSft»ttltf, mftofcAlt^ 
cd f - A ip I ffl 1" 5 « IS 'P f t co £ T ( z o ^ T - W ft 
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[0016] ztibommfrb, 9cft&.ffi<Dtfu&=F&ft 
^*ffiwm fe 5 ^ (± w^ffifi £ £ t> o^f* m s-r s 

[0 0 1 7] *ffiJ#|fcaiJ&Dfc*>0>, fc5loOi<S 10 

ti^m^m-mmtLx, mm^mm (mechanic 

al scanning mechanism) t SfeftTiftfM"^*^ 

^|C^T££6fe3W#ftfo3tMiSWL I t LT# 
BR-fS. SWL I ?rffli/^Sffi^W3i^5cSJSw/iJ6 

#1^4,340, 306^111^ $;fXT^5„ ^<75#fFli, 4$ 

a - * »J«ISB^« 6 fe^SStt o ^ TK* L T 

&<D#tt M £ ©RSt-fc 5. 7 * 7* 7 * A -T >"tC «fc 

[0018] fc 9 1 oS"J<D$fcfr8»>SWL I RUM*, 
1994^ 9 ft 9 H(Ctiiin^tl/c*HM08/014 707^-W U 

7= ■ - * * » e, a s n $ ir ay jti- s r V s y /Mt "kim&k t 

ZmfLtz^m+fr bfcS. =F*tH- 1 -3 TUSH Sftfcai 
[0 0 19] a&*0>fcffft«<7>SWL I CO^fet^lS 



#P^¥8 - 2 8 5 5 6 1 
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[0 0 2 0] 5fetTK#f<7)SWL I OfcoHMtl* 

<fc(fbft5„ ]EL<*«-r5fc»t)lcri, SWLIMC 

v\ ftff&flfeoswL 1 ggwfIIf^t|^L/c!i#, ffie 
RttWH-rSl-ttKI-trSftKift 9 & Cft(±fiE£ 

fe^^y^/wSilStt, Wttl^yXolPft (NA) 

[0021] x%t£&mmt&$:MT£i-z z t tmmtitz 

SWL I t36^<*-roiti!liil»H«l*»-e*)9, 

ii^iifl/i s 5 mm 1 >9 $ V ^ff^Iif Srffil >3 iitf - t 
•e#5. ^rogfiir LTti, fifljttf-if^^ (Zygo) 3- 
-> 3 ^(Cj;5^3. — fa- (NewView) 100 

^ WYK03-*i/->ay (y-yy, 7 'J v"t) 
yy, 7 U X t) i;i5W7DJffA (microxam) - 

EX^ 1 , ^ P7JI7" (MicroMap) VV, 7U 

y-t) (cj;6 5 1 2*^«<ftJl3t»«^a J *>tf 
L It o t , Sit ro fc * cd M ilft *R W lc i f 
5 tc t fe-f, 5feffSWffiS?S«ESl5p n n (Microscopi 
c parts) El*f-©t©tfflV % 5SWL lSBS:ft«L4 

[0 0 2 2] 5fetfS^(-*)€>SWL I ft#fWS ?>(CSIJ(73 

(4 , x- 9 m^tm^x^ "ztxhbo 

s Til, 55 y p ycofil^-t-x-y SrUx 

It-TSo L/i^oT 1 mmiDSffi^m^W-tSSffifl*: 

fig cD ia» t L T K it i^ft-r S T -e 

Sftfi^ 7 5 n mftill 1 HSlJt+S t V ^ fM^I-ft 5. iS 

[0023] s w l I <r> § h \z.m<n&&&)!K&MMWi't~ 



11 

(-eia-rs 0 swl imm-±m%*$tmttM?t&mft 

t>, SWL I S®tt#iI<D£jg#^Jfc^Tft*|-|tttC# 

[0 0 2 4] 4rf$tl/i^ n n p^^iilC^ffi^-C-iJ^i-5 
^gicii^tiTV^fcft, SWL I c0ilfflfg|l£j£if 6 

P. deGrootioit/L. DecktCiS r^-fe^-f ^-7iD 
^*7A<7)^y^df^ hfg^k (sampling) \C£.Z>37k 
TtSftj (3t^iifal 8 (1 7) , 1462-1464 (199 
3) ) b\^DM<DmX\Z#7ji£tiX^Zjjmi, 7~9 

£|ft,ft (sparse) x-^fflW^ffi^T^ 
So *tU-t7^^ibf\ fcftx— ^^fcfc 

-fZ>&m&<ntztt.\ SWL I |r«t5T7'o-f-f±S*W 
WEt-C*>5. swl imMMttctsftZ>m%&&t:WB 
5 1 o©ftffJRHf©tt**, L. fV^fciS 
1995^34] 28 0 |gff ©#3Hi0f^TS *L3#H#fr 3S5, 40 

2,234^- r 3 1 - ^y^^imm fc*S»t 5 * <D 
-7ia^7A©t)oHtffl ft as#£st/tB L iEtt-f 

* ft lc J; tl |i 3 i^TcW^ £ £$1" 5 co fc^g ftx '- ? & 

JijOSIifV =f (Zygo) 3— tKU— >3>- (34f*^ 

(NewView) 1 0 0 (DfitSlCfe 9 A^XbtlT^5 0 L^ 5 
Lfc#?> = A — 1 0 Ofcft?*,!; LTiS;S;^ : F?#» 

[0 0 2 5 ] SWL I <TC#fflfc£ffl&*#;bD£-ti:5t> 5 1 
r><D9cft&.ffi<r>ft.%.i!)lT . Kl/f/K G. ^-fxy-fc 

5*Rffi«3*^g*Pj 3 1 (7) , 919-925 

(1992) ) icWMZixx^z, rwS^nff-xxrA 
S-arSfcfxOHfjSprfiBftBlqSfc (NA) 2ocDft« 
9 73-*-— 9<Dl oJi/h$/j:45H-c*^fig 5 7-£- 7 £{if.£ 

TWCfiilCft*! 5 rami t) ^l^ft^iitr 3 '/k^^tD 
fift (graphical images) #jS$4xTV5„ Li'lfe/JS 

*b, *£fttofl£K#1-5tei^/i'0>#fc, JzW?—9 
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)fc^£4l'SLT^ft^ 0 

[0026] r©«t5t, swl i (D^mtefcmzmv 

* 7 7s teh 5 aw*ffi#m$rS'J^-r -5 n \zftmx- 
•9 -(RWl^Sgjjs^ 19 , $ ^co * -T 7°<7)^Blcxt LT 

¥m*<D&%\cmmm<DMi£KMLmRix>hz>i>^ #< 

(5t £PI t fc ft 5 o l*«mMUi*:t 

20 ftl\ LfrfotSWL I <75^*fltSif7)^< , ^ES 
LTSft-CitiS^-feSo 

[0027] lot, tt&ttM&toizihtomft&m&ft 

*B5©*# *^tt-^R«K:*H-S**ctt (flex 

ibility) ^-r-^'C*ft< > gftfkStt/i (automated) U 
D n p^iCg$ftV\ lot, «ffi^^W»«ft»J^Wfc 
30 &(DlEmxm&Xm$X (flexible) ft77fti:gg^*ft 

[0028] r.cott)II«lwiB##R*Hi±)gI riHiSf*^^ 

ffl^7>Sffi^^iJ5El-5*ftiggj (1994^11417 
0 t±iiS®08/334 939-g-fc i tfl994^12J? 28 0 ailI^08/3 
65 589-§-) ICffllLT^?, -ttL 6 <©HiiSWrt§(S#^ 

[0 0 2 9] 

tfrflBWfiS^F^jW 5 ft tc ffliiSft 4r 4f -r 5 3tS 

ft 5©^filMftlc J; oT'^ji $ ttTt^fffiiSfiicM-t 
50 w>ft <Hi owH^irW^t-SilSx-^^.^-f 
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[0030] {iL<D^ma. mw-<om.m^^u^.-thtz 
mmx^frhWi^APtiftxmm u mw^&^mwsi 

SggflcIJBSft, igffiafc-u-'^fttcJ; t>£^£ftS 
5 T##S* t ^fffi 3 t - U- y 7s ft k> ffill ft \zM\ PI L , T 

wm\z.tt&-rz>m j %kJ:<nm='>'b7x mc*m;i-s£ 

B*f (c^tS-r 5 w^ffiiii £ SrJtflfc-f 5 #a k £ 

m*-tzz k*w&k^&*mmm&*m^tz.®$.mm 
[oo3i] *i§isi±, mm^mm^m^x^om 

JR«*^»5E*^-< ft- if — fb?tcS 3tJIS (RSK 30 

«fS->xri (£Sfta) CCD^7*F7W 

[0 0 3 2 ] *!SWI-J;oT, fljili, &*Wt#*»fc# 
ft^ ft- u-if-w «fc 5 fe#flfc J; 0 KBH $ ftfc$ 
!8ft#H-;?» b ft 3 ft^WSSi«ai;tSfi£«#tft 3 r 
i:*-Ct5. i&ifti^ff tt*KE£ A. «t ^ft^v^ffiS 
f Ai, #»fclC#1-5»#fcf£IB©* (flifilmmj; 40 

[ 0 0 3 3] SJSft^tPwfii? rtw l oEIiroi^f/j; 
t^BsSl-^ftSiiJAEft-^ift ^yfc'^-^tcj; 
fe 6 life] co gEHf £ it «i ft & 8US ft » «■ lc *f $ *fc 



4#0S¥ 8-285561 
14 

*n j f-9"eV\c%aimi-Zi\k\cl*)$if&i-Z>i\ 
a* * 3 t - u y x ft l Wrt roflSffl I-* 1 ! 5 if ^ 

Qtem (envelope) |C i 9 '£18 Iftc, ^NlKEft A (ClUft 

LT*$ft3o «ft{f^t±ft#$iift#l£ 

u mmim-o^mitm^yby^bxh^o 
[0034] m^, fflsf-^it^yfa-^iaot 

ft ft 5 jfeSfiEfi, *> 5Sffi£<£>ffl*fiS £<DRJ%Xh 
If, 7 - y J; <0 4 y 9 -7 x- n ?y J*1FgGm 

[0 0 3 5] ftlSBJfl, jfcfrftWlciSjjttSfi^fHDtt 
[0 0 3 6] 

k, %U%<Dfc&£y)ttZfr\z&\ l ^mfc&&Gi-Z&. 
m^&W t ££.lfc-r?>i$M z F&itk, *»#Sr*BT*tHc 
#L-C*(t**S«««l*ft*«i:, «!irp#ffi£ 1 o 

mmmkximzn&o 1 owi©b 

oT4fiicSft5o ^S^fiwr^t LTW3SS^«J(i, 

77t^y?-7xn^*7i (^Tt^ft'co^ft, |#3 
5o imtt, Y>^-7ip^7AI±7-!) ai^ic 
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[0037] hi tttt&mmj&kisxT&ictsftzm 
ii*«i3 0Kj:t>ift»$n, jtast uri±«x.«eii« 

!i»t"-A6 0 "CBS -f 5 $t > z<D tf- A J±#j{£ £ 
ttiRftA, «fc2 o hnrnWitt-WeM (t&Rtfimm 

[0 0 3 8] ^IKCtoTBB^^nSSffitllKWtC 

fiSfr^ffl ictift; 2 o Mi $ * 5 fc tcsas $ 
9 o <7D±(ctif* 2 o zmw-tz z t 

•S^TfeS (SittjfeS) «i^9 0ii^yt*a- 

? 1 0 OizX VfflfflZtiZZ btfm-g. U\ *Hf3cog 

smiztttium 8 o i- i 5 » **©»itai£asfTi3n 

So m?3(73SlJ^:|gf:f±3>t 0 ^-^ 1 o oc^t; 

s/^^^y (H^-tf-f) w^^|d|E«$*5r t^S* 

[ 0 0 3 9 ] 02Klloi0W*K:^5S3<DBS*i: L 

I p+ z- z„ I :SL/2 (1) 

L< % #9{$$SJJr^ (object surface topography) (D 
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[0 0 4 0] W?ttf, m2\c^£tiZ>£ot£4y?-y 

L t 4 y 9 - y i p ^ 7 a \z# tt 5 Stfrtf^- w m& £ 
Mfe-fZ>Zk\c£?, 0 p = z.- z ni:i ft ^Hiftt 

lot, m^-3iisii#ii*ii*f-r5^ffiisjs p«r 
io u##,s^roi994^9^ 9 a mm<v*m¥T¥Ktimmo8M 

4, 707# v9-y^u77K<o^mmm%i\z.£. 

[0041] lot, rtLibcoiiiEi-Stfx-^Wtt 
fiTtMSft I J: 0 tf L * ^fiiS* Ale J; 
<4oTV>5. $ fel-M^Wttm^att^WiftftA^ 

[0 0 4 2] w^lcH!*L-C^5IR*/j:ll*«ll*3fc 
3 A^ L ^ 3 OA (2) 

it tz Sr ifeJBt L ft ^ r nw^o l wffi t 

[0043] a 3 1'mitiBtommm^mi-zm^A, 
tzmt±ift. L^%:mwn-nm.Mti^£tix^z>ti\ z 

40 hitmWnm B{H-f{tiMM(omo8/m 939^-fci;^i99 

4^12fl28 0f^tltaiSfl(7)^O8/365 589^-(7j|Z,c75p|B##M 

*Hwt T fiisi mffix^zm^tzmmmzmfe-tzij 

?g^(7)7J'?itcJ;tLtf, 3tiS3 OT^ibcOftfi 5(c 
J:o-CSaW3ti»l 4 0 1C3 y h^H-So 3t^l4 0 

li^-rmm^ \ 2 0 irs/c^., mm^-am 1 4 0 

SrTti^l 50t^l 6 0|C^>ltS 0 So^f^n^ 
I150M6 Ot^-lHlff^l 3 OiCj;oX0ff$ 

50 mmr- 1 3 0 i^su^to?,,, ®$t& r- 1 3 0 urix?) 



(10) 
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S^fi)c$^/i*a(±i^(-*awlttiJ)t^l 8 0 
7±T**J|U 5 0 t 1 6 0 CD3t^^^ft^?r*1" T 

[0044] ftH 1 5 0 i 1 6 0 »Aift«tHiwS 

tif*2 OWfiiH^fiii^^^Mici: fCj»J^3S«w 
«£r£C3„ £4{4fiwP*l$ti: LTifflffeW liB*(co 

Ct'fe^ ffiot^K*Aifl3k-^y^fLi: 10 

A -5 r i^X'ts : 

A=l/ (cos (6) -c o s (<J>) ) (3) 

Bl*®fc2 0«M1 7 OlC*]--f 6 0 

<7)Atf£k *lifeft2 0(Dtll 7 0t>tt5)tlll 5 
0fc>A*t£T*fc5) „ JSIilWiA v^fcs^fftifigAS; 

t^-C#5^t^^5 0 flfctf, * = 20S, 9 = 0 
ST'fenif, A- 1 6. 6 XX'hZo 

[0045] 0 3<£>#$ L\<^M1feffl<ntzit>(n^B=iz— 20 

=1 1: - u^^ft l cda# $ dtps-t 5 r. t 

[0 0 4 6] 04 fCglJW^WM^SA #ff&ffl Wc#fg 

WO-HJfe^J^* ^t^5. B4i:^J ft A Hi? 
fcl^T, 7OI2 3 0^bCO3t(4 1/^X2 3 5 [£ iot* 
»2 0 0IC3y^-h^tl5 o 3tS2 0 0ttKlti2 0 30 
5tJ;otSltt5 0 t-A^yj-y^-2ioi±;o 
ft*%M2 4 0 £*&2 4 5i£#tt5„ *^2 4 0(±M 

3fetS2 4 5[±H2 5 5i5^RltU fef*2 0 KAWfl 9 
T'fttt &>;Jx5„ fy}fo2 0frh<Dm&'&, *^2 4 5ioJ; 
XJ2 5 5i±^n^'tl|l2 6 0fcJ;tf2 6 5i>b5ltU 
^(Ct"-A^7°y y?-2 7 0 (CioTf-A 2 7 5 (C 
ff£-J*£ft?>„ UyX'2 8 5i±tK*2 0GO<££#^ 7 2 
9 0±tc^ 0 S9Jl£il«LAl§£\ 0 4 1^LAHJ£ 
#Jicfc(t6«£*&tA-^*t-J: ^) A#MS#A£i:5 40 

wA^tmftfAf 5 0 LAL4*AA ^t-^F4 

-u^T^i^cD*^? W^/<y Kiti>J£A'AfE<7> 
AA So^lcMigL-O^o 04 AAL/^Jfi^JcD-t 
wffico^t, 0i];tii'A-7ijAlk flWr^jfeli, huj$<£># 

?g « t nmm £ pc A h Z . 

[0 0 4 7] 05 (cBiJW^WiJ*!.SMT-'^f(-^ffl^/cA« 50 



#^¥8- 2 8 5 5 6 1 
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Kco-b ocoH)S£^|^$4xTV^„ 0 5 ['^ft/c 
HJfc#llC:io^A, 3tSK3 3 0^?)©3tf4WyX3 3 5\Z 

1 oicioTi:vMcii:^^2ow^3 4 o 
h va y xj±^tc\mu<v 2 oroM 3te££p B ifti^pi-f 

3 5 0 (i#J# 2 0 t\Z.%U 3 4 0 ^ 3 4 5 <DM&%&\Z- 
m&2 Ofrb<D%.W&, 4 0 t 3 4 5 (A 

;*ib©fi©M^Bo ! ^yyx'3 e oAio-tft 

febtiS*-C'|gftSc1-5o 11^3 7 0(1*13 4 0 
t 3 4 5&W£j*LT3tei»3 7 5AA5 0 fi^3 8 0 
«3ti»3 4 0 t 3 4 5ro<i*»Sf^^jcLT*iiW|S 

A#»ll££AftAi?ft*fil-gAft3o \y 
yX3 8 5fi&l£#jftro$i£#;< 7 3 9 0±lCjg£ o ii 
0 5 K^Lfc^lfcW£fclt58l*fc 
^^fi^M^£«AA*m«££Ati}Art\ *5£ 

(i3tS(7)7-;^ h/uco/^y h'ifei3£if%:M<o±£ £(DM 

*^KjtLTV>5„ 0 5(C7pL7 u cH*0'i|Htlf*2 0©f 

a imfcnm km t> m t r v ^ 3„ * ^ n«si 

ff^Ojf coil-g-, 2 0 <D&£tt 3 ?A7C^WfSjt^W 

llc-f 5fc*(c*¥*4ffiS1# (0^L/^^) ?r*ti^9 
0 i'llAiAii 1 " t tc^il^feSi 'dfrhtlhbo 0 5 (' 

[0 0 4 8] S*#^'fott(±\ *lg§l!»«0^^A5 
< L 77ffifc «t XimW<nB 4 /i ilftgfS *f ^ffl , 

[0 0 4 9 ] 

Sripjffl U fc#3f*SffiffMJ5£ AftX W yXrA (4WT \C 
*A?A**#A5o av^Bjoi^wio^Sffiw^ 
T ti h M /c A # 5 o A # ft m A ^ *I IE <D h h m S & PI s 

rortill/J s A#v^ 0 A*roft*w«!SMA?$f+J; •y^USE 

[0li]'<75ffi¥^lftfK] 

[01] K%W(0~}jfet ->;*AA[cfcMt3K#WlJ* (co 

mponeiits) A0 "Cfc So 

[0 2 ] fiilrrt w l owK*lc#-f 
Ltw SI ih ® S <F> '1 ft ATf^7 7T*6, 





(11) 
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[113] ^ISffl^SIS L\<^M1fe^^&m-tMX*fr>% 


^ 5 Q 


1 l^P P 1 


[14] **BR(7)gll<7)^aii*^fr^+ia^^^ 

L I-^J * J ^r* JC 7J w /J J w ZTsC/JUi l£v» |--J\ <2_ ' J N 7 l-^N V. 0o> 'cJ 0 


0 


p\ — 2. 
JL I- *^ 


ins] *mm<v£ h\c%i\<DMMnm&^-tmx*2bz> 0 


7 0 






8 0 




2 0 


9 0 




3 0 *«( 


1 0 0 





4 0 ftf-A * 



[01] [02] 




(12) 



<$ffl¥8- 2 8 5 5 6 1 



[05] 

255 265 



